Abstract-.Additivity of the Stiles-Crawford effect over pupil area was examined for a Fraunhofer image focused on the retina. Two hypotheses were compared: (I) the Stiles-Crawford erect is absent under these conditions because the wavefronts are flat near focus: and (2) the Stiles-Crawford effect is additive for all positions of focus. Consideration of wavr-suprrposition principles along with dielectric waveguide theory leads to the prediction of additivity.
The cone receptors of the human retina are less sensitive to light which enters the eye through the edge of the pupil than to light which enters through the center. This phenomenon is known as the Stiles-Crawford effect after Stiles and Crawford (1933) , who first observed it by measuring visual thresholds for various positions of a small artificial pupil moved horizontally across the natural pupil. A target seen through the edge of the fully dilated pupil can appear nearly one log unit dimmer than the same target seen through the center. The sensitivity to light directed through any given point in the pupil relative to light of equal apparent brightness directed through the center is called the relative luminous efficiency of that point.
Subsequent studies (see Enoch, 1956 Enoch, . 1963 Enoch, , 1967 Pirenne. 1962; and Stiles. 1961 for reviews of this subject) have reported that color perception and visual acuity as well as brightness are functions of the angle at which light strikes the retina and that all of these effects are due primarily' to physical and optical properties of the visual receptors themselves. Briefly, the receptors are thought to behave as cylindrical di-' Present address: Wilmer ~phthalmolog~cai institute.
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' Other factors inciude unequal pre-retinal absorptions and the cosine law of oblique illumination.
3 A Fraunhofer image is formed in the image plane when a convex lens focuses light from a distant point source. and is the kind of image which occurs during free viewing with a normal well-corrected eye.
'Glenn A. Fry (persona1 communication].
electric waveguides which catch light only at angles close to normal incidence. One question about the Stiles-Crawford effect which still has not received a definitive answer is that of additivity: the Stiles-Crawford et&t is said to be additive if the relative luminous etficiency of any given pupil can be predicted by averaging the efficiencies of all the points within it. Enoch (1936 Enoch ( , 1958 studied additivity both for a Maxwellian beam. in which the luminous source is imaged in the plane of the pupil. and a non-Maxwellian beam, in which a Fraunhofer image of the source is focused directly on the retina.) Enoch noted that when artifacts due to blur were eliminated. brightness for the non-Maxwellian beam was not reduced quite as much as additivity would predict. He suggested that this discrepancy might be caused by differences in the physical distribution of light on the retina between Maxwellian and non-Maxwellian beams. Enoch and Fry (19%) found that their microwave model receptor amplified a Max~ve~lian beam more than a non-Maxwellian beam, but did not test additivity directly for the non-Maxwellian case. Fry' later hypothesized that the Stiles-Crawford effect may disappear completely if an aberration-free Fraunhofer image is sharply focused on the retina through a pupil which is circularly symmetric about the center of the natural pupil.
In this paper, Fry's hypothesis will be compared with the hypothesis that the Stiles-Crawford effect is additive for all conditions of focus, These will be referred to respectively as the non-additivity hypothesis and the additivity hypothesis. The theoretical bases of the two hypotheses will be presented, followed by the de~ription and analysis of an experimental test.
